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Abstract 

We present a rotating black hole with phantom global monopole by the method of complex 
coordinate transformation and find that the energy scale of symmetry breaking rj affects the shape 
of the black hole horizon and a deficit solid angle. Especially, the solid angle is surplus rather than 
deficit for a black hole with the phantom global monopole. Moreover, we also show that parameter 
rj yields the different spatial topology of the event horizons for two black holes with different types 
of global monopoles. We also investigate the energy extraction of a rotating black hole with global 
monopole by Penrose process. It is shown that with the increase of the symmetry breaking scale 
rj the energy extraction become easier in the background of a black hole with the phantom global 
monopole, but more difficult in the case with the ordinary global monopole. 
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I. INTRODUCTION 



Phantom field is a special kind of dark energy model with the negative kinetic energy 



l|, which is applied 



extensively in cosmology to explain the accelerating expansion of the current Universe [2|-|6[ . Comparing with 
other dark energy models, the phantom field is more interesting because that the presence of negative kinetic 
energy results in that the equation of state of the phantom field is less than —1 and then the null energy 
condition is violated. According to Einstein's theory of gravity, one can find that the Universe dominated 
by such a phantom energy will blow up incessantly and arrive at a big rip finally at where anything in the 
Universe will be torn up [7j. Although the phantom field owns such exotic properties, it is still not excluded 
by recent precise observational data 8|, which encourages many people to focus on investigating phantom 
field from various aspects of physics. 

Phantom field also exhibits some peculiar properties in the black hole physics. E. Babichev [9[ found that 
the mass of a black hole decreases when it absorbs the phantom dark energy. This means that the cosmic 
censorship conjecture is challenged severely by a fact that the charge of a Reissner-Nordstrom-like black hole 
absorbing the phantom energy will be larger than its mass. We studied the wave dynamics of the phantom 
scalar perturbation in the Schwarzschild black hole spacetime and that in the late-time evolution the phantom 
scalar perturbation grows with an exponential rate rather than decays as the usual scalar perturbations 1^, 11 



Moreover, we also find that the phantom scalar emission will enhance the Hawking radiation of a black hole 
12j . Furthermore, some black hole solutions describing gravity coupled to phantom scalar fields or phantom 
Maxwell fields have also been found in I13l-ll9|. The thermodynamics and the possibility of phase transitions 

18] 



1G 



17| . The gravitational collapse of a charged scalar field 



in these phantom black holes are studied in 
and the light paths [19( are investigated in such kind of spacetimes. These investigations could help us to get 
a deeper understand about dark energy and black hole physics. 

A global monopole is one of the topological defects which could be formed during phase transitions in the 
evolution of the early Universe. The metric describing a static black hole with a global monopole was obtained 
by Barriola and Vilenkin [20(, which arises from the breaking of global SO(3) symmetry of a triplet scalar field 



in a Schwarzschild background. Due to the presence of the global monopole, the black hole owns different 



topological structure from that of the Schwarzschild black hole. The work of Barriola and Vilenkin [20( were 



later extended to a rotating case 



21( by the method of complex coordinate transformation 



2J. Thephysical 



properties of the black hole with a global monopole have been studied extensively in recent years 



2:-! 



27| . Moreover, we will explore how it 



The main purpose of this paper is to study the gravitational field of phantom global monopole arising from 
a triplet scalar field with negative kinetic energy and to see how the energy scale of symmetry breaking r\ 
influences the black hole and the energy extraction by Penrose process 
differs from that in the black hole with ordinary global monopole. 

The paper is organized as follows: in the following section we will construct a static and spherically sym- 
metric solution of a phantom global monopole from a triplet scalar field with negative kinetic energy, and 
then study the effect of the parameter r\ on the black hole. In Sec. Ill, we obtain a rotating black hole with 
phantom global monopole by the method of complex coordinate transformation [22[ and study the change of 



the spatial topology of the event horizons and the infinite redshift surface originating from the phantom global 
monopole. In Sec. IV, we will focus on investigating the effects of the parameter 7/ on the energy extraction 
by Penrose process. We end the paper with a summary. 

II. A STATIC AND SPHERICALLY SYMMETRIC BLACK HOLE WITH PHANTOM GLOBAL 

MONOPOLE 



Let us now first study a static and spherically symmetric black hole with phantom global monopole formed 
by spontaneous symmetry breaking of a triplet of phantom scalar fields with a global symmetry group 0(3). 
The action giving rise to the phantom global monopole is 



S = 



(i) 



where ip a is a triplet of scalar field with a = 1,2,3, 77 is the energy scale of symmetry breaking and A is 
a constant. The coupling constant £ in the kinetic term takes the value £ = 1 corresponds to the case of 
the ordinary global monopole originating from the scalar field with the positive kinetic energy 20j. As the 
coupling constant £ = — 1, the kinetic energy of the scalar field is negative and then the phantom global 
monopole is formed. 

Following in Ref. 20j, we can take ansatz describing a monopole as 

r)f(r)x a 



r 

where x a x a = r 2 . Equipping with the general static and spherically symmetric metric 

ds 2 = -B(r)dt 2 + A(r)dr 2 + r 2 d6 2 + r 2 sin 2 6>d</> 2 , 
one can find that the field equations for i\) a can be reduced to a single equation for f(r) 

11 = 0. 



A 



2 






Ar 







(2) 



(3) 



(4) 



Moreover, the energy-momentum tensor for the spacetime with a global monopole can be expressed as 



n = 

rpr 

r ~~ 

T% = 



v 2 f 2 ?? 2 /2 



2A r 

v 2 f 2 , v 2 f 2 



2A r- 

„2 f/2 



e + ^ 4 (/ 2 -i) 2 , 
z + ^iXf 2 -iy 



* 4, 



T 



* _ ^ f u A 4 a _ )2 



(5) 
(6) 
(7) 



Similarly, as in Ref. 



2fJ, one can take an approximation f(r) = 1 outside the core due to a fact that /(r) 
grows linearly when r < (^-s/A) -1 and tends exponentially to unity as soon as r > (■q^X)- 1 . With this 
approximation, we can obtain a solution of the Einstein equations 

2M 



B = A- 1 = 1 - 8tt£?7 2 - 



(8) 



Obviously, the radius of event horizon is r# = 2M/ (1 — 87r^7y 2 ). It means that with the increase of the energy 
scale of symmetry breaking 77, the radius of event horizon th increases for a black hole with the ordinary global 
monopole, but decreases for a black hole with the phantom global monopole. Thus, comparing with a black hole 
with the ordinary global monopole, one can find that a black hole with the phantom global monopole possesses 
the higher Hawking temperature and the lower entropy. In the low energy limit, the luminosity of Hawking 

27r 3 r 2 

radiation of a spherically symmetric black hole can be approximated as L = n 15 H Tg oc (1 — 87r^ 2 ) 4 /r| f , 
which tells us that the energy scale of symmetry breaking rj enhances Hawking radiation for a black hole 
with the phantom global monopole, but it decreases Hawking radiation in the black hole spacetime with the 
ordinary global monopole. The presence of the phantom field enhances the Hawking emission of Kerr black 
hole arc also found in 121. 



Introducing the following transformations 



t->{l- 8ir£r] 2 y 1/2 t, r -> (1 - 87r^ 2 ) 1/2 r, M -> (1 - 8tt£?7 2 ) 3/2 M, 



one can rewrite the metric ^ with the functions © as 



(9) 



ds 2 



( 2M\ , , / 2M\ 1 
= - 1 )dt 2 + 1 



r J 



dr 2 + (1 - 8ir£r] 2 )r 2 (d6 2 + sin 2 Od(j> 2 ). 



(10) 



It is clear that there exists a deficit solid angle (1 — Sirq 2 ) for the black hole spacetime with the ordinary global 
monopole. However, for the case with the phantom global monopole (i.e., £ = —1), one can find that the solid 
angle becomes (1 + 87r?7 2 ), which is surplus rather than deficit. This implies that the topological properties of 
a spacetime with the phantom global monopole is different from that of with a ordinary global monopole. 
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III. A ROTATING BLACK HOLE WITH PHANTOM GLOBAL MONOPOLE 



,„ ,M 8 s « ti „», « oM.» th e me , ic „ f , black Mc w ith ph a» tom ^ m o»o P „,e by u8ing 

the method of complex coordinate transformation discovered by Newman and Janis [22| . And then, we will 
study the properties of the black hole spacetime. 

Introducing the new variable u defined by 



r 2M , / br 
u = t- - - — - In 1 



one can rewrite the metric (j3J) as 

ds 2 = 



b 2 \2M 



2M 

{b )du 2 - 2dudr + r 2 (d9 2 + sin 2 9d<p 2 ), 



(11) 



(12) 



where 6 = 1 — 8ir£ri 2 . The inverse of the above metric can be expressed as 



g*" = -l^n u - (V + m^rff + m v fh' 1 : 



(13) 



with the null tetrad vectors 



= 6? 



2 

1 



y/2r 
1 



8H 



sin 9 

i 



>3 > 



V2rV 2 sin0 3 



Now we regard the radius rasa complex variable and then rewrite the null tetrad in the form 



i^ 1 = S!t- 



1 



b- 



M M 



°i j 







i 




8% + 


sin 9 


V2r 
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i 

sin# 



where r is the complex conjugate of r. As in Ref. 



(14) 
(15) 
(16) 
(17) 



(18) 
(19) 
(20) 
(21) 



22(, we can perform a complex coordinate transformation 



u = u — la cos u, 
r = r + ia cos 9, 
9' = 9, <f>' = <f>, 



(22) 
(23) 
(24) 



and find that the tetrad is transformed as 



Z" 1 = 



2Mr' 



r' 2 + a 2 cos 2 i 



i 



V2(r' + ia cos 9) 
1 



iasin0(# - <5f) + <5£ + -— 8!? 



\/2(r' — ia cos 9) 

With help of this new tetrad, the metric of a rotating phantom global monopole can be described by 



(25) 
(26) 
(27) 
(28) 



In the coordinates (u', r', 9', <p'), the covariant components of the metric ([29]) can be expressed as 

2Mr' 



(29) 



9oo = -\b- 



r 12 + a 2 cos 2 9' 



001 



1, 



.9o3 = - ( 1 - b 



g' 13 = asm 2 9', 

2Mr' 
r' 2 + a 2 cos 2 9' 



a sin 



2 nl 



933 = Sin 



r' 2 +a 2 + a 2 sin 2 9' I 1 - 6 



g' 22 = r' 2 + a 2 cos 2 0', 



2Mr' 



r' 2 + a 2 cos 2 0' 



In order to eliminate the elements g' 01 and g' 13 , we must use a transformation 
r', 0', <//) which is given by 

du' = dt- F(r',9')dr, 

r' = r, 9' = 9, 
d(f>' = d<f>-G(r',6')dr, 



28 



(30) 
(31) 
(32) 

(33) 



29( to the coordinates (u', 



(34) 
(35) 
(36) 



with 



90l933 9039l3 



F(r',9') = 



r 2 + a 2 



5oo333 ~ 903 r 2 -2Mr + a 2 + (b-l)(r 2 +a 2 cos 2 9) ' 



9oo9i3 9oi9o3 



G(r',9') = 



3oo3 33 " 9ol r 2 - 2 Mr + a 2 + (b - 1 ) (r 2 + a 2 cos 2 9) ' 



And then the metric for a rotating black hole with phantom global monopole reads 

2Mr \ , o / , 2Mr 



ds 2 = - 6 - 



r 2 + a 2 cos 2 i 
r 2 + a 2 cos 2 I 



dt z - 2 1 - b 



r 2 + a 2 cos 2 1 

„2 i /„ 2 , „2 „„„2 



a sin 6dtd<j) 



br 2 - 2Mr + a 2 (6 cos 2 + sin 
2 + a 2 + a 2 sin 2 011-6 



sin 2 9 



-dr 2 + {r z + a 2 cos 2 9)d9 2 
2Mr 



r 2 + a 2 cos 2 9 



(37) 
(38) 



(39) 



Obviously, the above metric can be reduced to the Kerr metric in Boyer-Lindquist coordinates as b = 1 . When 
the rotation parameter a vanishes, one can get the previous solution of a static and spherically symmetric 
black hole with phantom global monopolc Moreover, we also note that the form of the metric is 



different from that in Rcf. 



2l| in which there exists non- vanishing the off-diagonal element g r 



Let us now study the properties of such a rotating black hole with phantom global monopole (pE))) . The 
position of the black hole horizon is defined by equation 



503 - .900.933 = 0, 



(40) 



i.e., 



br 2 - 2Mr + a 2 (b cos 2 9 + sin 2 9) = 0. 



(41) 



Solving this equation, we obtain the radius of horizon 

1 

r± = t 



M±JM 2 - a 2 b(b cos 2 9 + sin 2 



(42) 



It indicates that for b ^ 1 the radius r± depends on the polar angle coordinate 9, which is similar to those in 
the modified Kerr metrics by the deformation parameter r 
gravity [29(. Furthermore, the position and the shape of horizons are defined by the parameters M. a, £ and 



28| or the polymeric function P in loop quantum 



77. For the ordinary global monopole (i.e., £ > and then < b < 1), we find that both of the inner and 
outer horizons are topologically spherical surfaces and these two surfaces never cross each other if a 2 < . 
When a 2 = ^r-, the outer horizon coincides the inner horizon at the equatorial plane. If < a 2 < 4^-, the 
parts of the outer and inner horizons in the northern hemisphere join together to form a new closed surface 
with spherical topology. The similar case also occurs in the southern hemisphere. And then two new and 
disconnected horizons are formed, which is shown in the left panel in Fig. (1) . If a > there exist no 
horizons and the singularity is naked entirely. For the phantom global monopole (i.e., £ < and then b > 1), 
the inner and outer horizons arc topologically spherical surfaces without intersection if a 2 < Mr, which is 



-pr, the outer horizon coincides the 



similar to that in the case with a usual global monopolc. But as a 2 
inner horizon at the north and south poles in this case. If < a 2 < the outer and inner horizons 
merge into a closed toroidal surface (see in the right panel of Fig. (1)), but the singularity is naked, which is 
different from that of a rotating non-Kerr compacted object with the negative deformation parameter where 
the singularity is enveloped by the toroidal surface 



28 



30j . When a 2 > there also exist no horizons for 



the rotating spacetime with a phantom global monopole as the previous case of b < 1 . These are also shown 



8 



in Figs.(l)-(2). With the increase of the energy scale of symmetry breaking rj, the critical values ^ ^ an d 
^j- increase for the black hole with ordinary global monopole and decrease for the black hole with phantom 
global monopole. Moreover, we find that as the parameters lie in the region I (see Fig. (2)) the radius of the 
outer horizon for a black hole with phantom global monopole is smaller than that in the case with ordinary 
global monopole. This is consistent with those in a static and spherically symmetric black hole spacctime 
with global monopole ([3]). 




FIG. 1: Event horizons of a rotating black hole with global monopole as the parameters lie in the region II (see in 
Fig. (2)). Left panel is for the black hole with the ordinary global monopole and fixed parameters a — 1.16 and b = 0.6. 
Right panel is for the black hole with the phantom global monopole and fixed parameters a = 0.93 and b — 1.1. Here 
we set M = 1. 



The ergosphere is an important zone around a rotating black hole, which is bounded by the event horizon 
r+ and the outer infinite redshift surface. The infinite redshift surface is given by 

1 " 



M ± ^JM 2 - a 2 b 2 cos 2 



(43) 



6 

which is determined by goo = 0. As a 2 < one can also find that the inner and outer infinite redshift 
surfaces are topologically spherical surfaces without intersection. When a 2 > 4ng- , the inner and outer infinite 
redshift surfaces merge into a new infinite redshift surface with toroidal topology around the original point. 
The new infinite redshift surface becomes more and more thin and looks like a disk as the rotation parameter 
a increases. Comparing with the spacetime with the ordinary global monopole, the change of the topological 
properties of the horizons and the infinite redshift surfaces become easier in the spacetime with the phantom 
global monopole. For fixed rotation parameter a, we also note that as rj increase the ergosphere in the 
equatorial plane becomes thick for a black hole with the phantom global monopole, but becomes thin in the 



9 




FIG. 2: In the r]-a plane, the inner and outer horizons are topologically spherical surfaces without intersection in the 
region I. In the region II, the horizons are disconnected for a black hole with the ordinary global monopole and the 
horizons merge into a closed toroidal surface for one with the phantom global monopole. As the parameters lie in the 
region III, there does not exist any horizon for black hole with a ordinary or phantom global monopole. The left is for 
the black holes with the ordinary global monopole and the right is for case with the phantom global monopole. Here 
we set M = 1. 



case with the ordinary global monopole. It means that with the increase of the symmetry breaking scale r\ 
the energy extraction become easier in the background of a black hole with the phantom global monopole, 
but more difficult in the background of a black hole with the ordinary global monopole. 

Making the same transformations (J9j> as in the Sec. II, one find that the area of the horizon becomes 



A H = b f (r 2 H +a 2 )d9. 
Jo 



(44) 



Obviously, for a rotating black hole with the phantom global monopole, the solid angle is surplus rather than 
deficit, which is similar to that in the static and spherical symmetric case ©. 



IV. ENERGY EXTRACTION OF A BLACK HOLE WITH GLOBAL MONOPOLE BY PENROSE 

PROCESS 



Let us now consider Penrose process [27( and focus on how the symmetry breaking scale r\ of global monopole 
affects the energy extraction from a rotating black hole. For a test particle with mass p, along a timclikc 
geodesies on the equatorial plane, one can find that there exist the following conserved quantities in the 



background of a black hole with global monopole 



2tf\ , / 2M N 
J w* + all — b-\ I ' 



L 



g^vVu" = -a[l-b + 



2M\ 



r A + a 1 + a 2 1 - b 



(45) 
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where u u is the four- velocity defined by u v = r is the proper time for the spacetime. £ M and ip^ are the 



timelike and spacelikc Killing vectors 



|) and' 



respectively. The quantity 1 — 6 reflects the modified 



energy or angular momentum originating from the global monopole. Moreover, for the timelike geodesies, we 
have another new conserved parameter 



g llu u' J, u v = -1, 



Inserting Eq. (|4"5)) into Eq. (|4l))) . one can easily obtain the equation of motion 



aE 2 - 2/3E + 7 = 0, 



(46) 



(47) 



with 



1 



{br 2 - 2Mr + a 2 ) 
oi[2M + (l - b)r] 
r(br 2 - 2Mr + a 2 Y 

{br - 2M) 
~ {br 2 - 2Mr + a 2 ) 



r 2 +a 2 {2-b) + 



2Ma 2 



- + K) 2 
r 



(48) 
(49) 
(50) 
(51) 



Solving above equation, we can obtain the energy of the particle 



E 



(3 + ^I3 2 - a 7 



(52) 



27 



31 



33| . we here choose 



In order to ensure that the 4-momcntum of the particle is future directed 
+ \/ (3 2 — cry. From the Penrose process, it is well known that we could extract energy from a rotating 
black hole mainly because the negative energy state is allowed in the crgosphcre where the timclike Killing 
vector becomes spacelike one. From Eg. (f5"2"j) . one can find that the orbit of the particle with the negative 
energy E must satisfy the conditions a > 0, /3 < and 7 > 0, which means that the negative energy state 
could occur only if La < 0. In Fig. (3), we plot the negative energy state E for the different energy scale of 
symmetry breaking rj at a given location near the event horizon inside the ergosphcre. It is shown that with 
the increase of the scale of symmetry breaking 77 the negative energy E increases in the background with the 
phantom global monopole, but decreases in the case with the ordinary global monopole. 

In the Penrose process, one can find that as a particle is swallowed by the central black hole the mass of 
the black hole will change a quantity 5M = E, which increases with the mass fi of the particle. There exist a 



lower limit for the quantity 5M which corresponding to the case fi = and u r = 



34j | . The lower limit could 
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FIG. 3: The negative energy state E allowed for the angular momentum L and rest mass fi of the particles for the 
different energy scale of symmetry breaking t) at a given location near the event horizon inside the ergosphere. The 
left is for a black hole with ordinary global monopole and the right is for a black hole with phantom global monopole. 
Here we set M = 1 and a = 0.5. 



be obtained by evaluating all of the required quantities at the horizon rn 

La 

J^min — ■ 



v mm — o r, ■ 



(53) 



It means that in order to extract energy from the black hole, the angular momentum of the swallowed particle 
must satisfy La < 0. Moreover, one also find that the scale of symmetry breaking rj affects E m i n since the 
radius of the horizon r# is a function of rj. 

We are now in position to study the effects of the scale of symmetry breaking r\ on the efficiency of the energy 
extraction in the Penrose process. Here we focus on the particle with the zero radial velocity to calculate the 
maximum efficiency of the energy extraction. In the Penrose process, an incident particle 1 with the rest mass 
/ii = 1 falling onto a black hole splits up into two particles (2 and 3) in the ergosphere. One of particle with 
negative energy ( i.e., particle 2) is absorbed by the black hole and the other particle ( i.e., particle 3) comes 
out and escapes to infinity. The four- velocity of the ith particle at the point of split can be expressed as 



£/* = «*(!, 0,0,0,-), 



(54) 



with 



X' 



-(goo + 903 O,*), 



Hi = 



X i> 

-303(1 + 300) + V i 1 + 9oo) (903 ~ 900933) 



(55) 



903 + 933 

where Cli is the angular velocity of the ith particle with respect to an asymptotic infinity observer. The 
efficiency of the Penrose process is given by 

^3-^3 — Ei H3E3 



E, 



1. 



(56) 



12 

In the ergosphere, there exists the constraint on the angular velocity 12j for a future moving timelike particle 

f2_ < fli < Q+, (57) 

with 



n± = -gQ3±\/go 2 3-goog^, (58) 

533 



We can calculate the maximum efhciency e by the choice of H2U2 and 



32] 



- fca(l,0 J 0,f2_) J 
^3 = *a(l, 0,0,f2 + ). (59) 



where &2 and £3 are constants to be determined. Combining Eqs.(|54 |) . (|55[) with the conservational equation 
of the energy and angular momentum 



Ux =/i 2 L/ 2 +^3^3, (60) 



one can get the efficiency 



^ = (Hi - O-Xffoo +ff 03 » + ) i 

(12+ - J2_)(g o + 503^1) 

When the incident particle 1 splits at the horizon rjj, we can obtain the maximum efficiency in the Penrose 
process 



VI + goo - 1 









r=r H ^ ^ 








r H J 



(62) 

Making use of the above formulas, we can analyze the effects of the scale of symmetry breaking 77 on the 
efficiency of the energy extraction in the rotating black hole with global monopole. In Figs. (4) and (5), 
we plot the dependence of the maximum efficiency in the energy extraction process on the scale of symmetry 
breaking 77, which takes the value in the range to ensure that the rotating black hole with global monopole has 
the connected event horizon for fixed a. It is shown that the maximum efficiency increases with the angular 
momentum a in the rotating black hole with either the ordinary global monopole or the phantom one. It is a 
common property for a rotating black hole. Moreover, we also present the effects of the parameter rj on the 
maximum efficiency. With the increase of 77, we find that the maximum efficiency decreases in the rotating 
black hole with the ordinary global monopole and increases in the case with the phantom global monopole. 
This means that the maximum efficiency in the Penrose process occurring in the background of a black hole 
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FIG. 4: The Variation of the maximum efficiency of the energy extraction process with the scale of symmetry breaking 
rj of rotating black hole with the ordinary global monopole. Here we take M = 1. 
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FIG. 5: The Variation of the maximum efficiency of the energy extraction process with the scale of symmetry breaking 
rj of rotating black hole with the phantom global monopole. Here we take M = 1. 



with the phantom global monopole is much larger than that in the background with the ordinary global 
monopole, which is consistent with the results obtained previously by analyzing the ergosphere. Moreover, 
we also note that the maximum efficiency is larger than 100% in the case with the phantom global monopole 
as the parameters a and rj are located in the intersection of two ranges a < —7= and % < a < , 1 , 

2v2 9+S7T77 ^/l+87rr) 2 

which is shown in Fig. (6). It is not surprising because as the parameters a and r\ are located in this region the 
absolute value of the negative energy E2 of the particle 2 becomes greater than the energy E\ of the original 
incident particle. This leads to that the energy of the outgoing particle E3 > 2E\ and then the efficiency 
is larger than 100%. As the outer and inner horizons overlap in the equatorial plane (i.e., a 2 b = 1), the 
maximum efficiency for the rotating black hole with the global monopole can be expressed as 



VT+b-l 



(63) 



Clearly, e r , 



0.207 as b — > 1 (i.e, 77 — >■ 0) , which is in agreement with the known result in the extreme 
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FIG. 6: The shadow part in the rj — a plane is the region where the maximum efficiency is larger than 100% in the 
rotating bfack hole with the phantom global monopole. Here we take M = 1. 

Kerr black hole spacetime. The presence of the energy scale of symmetry breaking r\ increases the maximum 
efficiency of the Penrose process in the background of a rotating black hole with a phantom global monopole, 
but decreases in the case with an ordinary global monopole. 

V. SUMMARY 

In this paper we present firstly a four-dimensional spherical symmetric black hole with phantom global 
monopole and find that the scale of symmetry breaking r\ affects the radius of the black hole horizon and a 
deficit solid angle. For a black hole with the phantom global monopole, the solid angle is surplus rather than 
deficit as in the black hole with an ordinary monopole monopole. Then, we obtain a rotating black hole with 
phantom global monopole by the method of complex coordinate transformation. We find that presence of 
global monopole makes the black hole horizon as a function of the polar angle coordinate 9, which brings some 
special properties of the black hole horizon. In particular, the rotating black hole with an ordinary global 
monopole develops two disconnected topologically spherical horizons above some critical spin parameter. In 
the case with phantom global monopole, the horizon looks more like a toroidal surface for chosen a and r\ . 
Comparing with the spacetime with the ordinary global monopole, the change of the topological properties of 
the horizons become easier in the spacetime with the phantom global monopole. 

We also analyze the dependence of the ergosphere on the scale of symmetry breaking rj and investigate 
further the energy extraction of a rotating black hole with global monopole by Penrose process. We find that 
with the increase of rj, the maximum efficiency decreases in the rotating black hole with the ordinary global 
monopole and increases in the case with the phantom global monopole. It means that with the increase of 
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the symmetry breaking scale rj the energy extraction become easier in the background of a black hole with 
the phantom global monopole, but more difficult in the background of a black hole with the ordinary global 
monopole. Moreover, we also note that the maximum efficiency can exceed 100% for the rotating black hole 
with the phantom global monopole as the parameters a and rj are located in the intersection of two ranges 
a < -K= and Q ■> < a < , 1 . The influence of the the scale of symmetry breaking r\ on the maximum 

2V2 y+STr?; y/l+Birq 2 

efficiency presents a good theoretical opportunity to observe the phantom global monopole. 

Finally, we must point out that we here have not discussed the thermodynamic properties of the rotating 
black hole with the global monopole. The main reason is that the radius of black hole horizon is a function 
of the polar angle coordinate 0, which leads to that the surface gravity n is not a well-defined quantity at the 
Killing horizon. 
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